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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the operation of a parasitic transistor by 
liaving a first switcli whicli connects the gate terminal of a power MOSFET with 
the gate terminal of a first IVIOSFET. 



(51)lnt.CI. 



SOLUTION: This semiconductor device is composed of the Nch MOSFET 20 of 
a first MOSFET, the pch MOSFET 18 being the second MOSFET to serve as a 
first switch to control the operation of the Nch MOSFET 20, and a resistor 
connected in series to this. When the Nch MOSFET 20 is turned on, the area 
between the base and the emitter of a parasitic NPN transistor 24 short-circuits, 
in which the n board 21 to become the output of a power MOSFET 12 is a 
collector, a p type semiconductor layer 22 connected to a GND terminal 16 is a 
base, and an n semiconductor layer 23 connected to an input terminal 3 is an 
emitter. Even if the voltage of the input signal source 9 is not more than the 
voltage of the GND terminal 16, the potential difference between the base and 
the emitter can be made smaller than the operation voltage (about 0.7V) between 
the base and the emitter of the parasitic NPN transistor 24, and the operation of 
the parasitic NPN transistor 24 can be avoided. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The source of an input signal which generates an input signal, and the 
power metal-oxide semiconductor field effect transistor which considers a semi- 
conductor substrate as an output and controls supply of the current to a load, 
The control circuit which controls actuation of this power metal-oxide 
semiconductor field effect transistor, and the GND terminal which is a different 
conductivity type from said semi-conductor substrate, and was prepared in the 
1st semi-conductor layer joined to said semi-conductor substrate. Are the same 
conductivity type as said semi-conductor substrate, and it has the input terminal 
prepared in the 2nd semi-conductor layer joined to said 1st semi-conductor layer. 
In the semiconductor device with which the parasitic transistor by which the 
emitter terminal was connected to said 2nd semi-conductor layer, the collector 
terminal was connected to said semi-conductor substrate, and the base terminal 
was connected to said 1st semi-conductor layer into said control circuit exists 
The 1st MOSFET which a drain terminal is connected to said input terminal, and 
a source terminal is connected to said GND terminal, and is said semi-conductor 
substrate and isomorphism channel, The semiconductor device characterized by 
having the 1st switch which connects the gate terminal of said power metal-oxide 
semiconductor field effect transistor, and the gate terminal of said 1st MOSFET 



when the electrical-potential-difference value in said input terminal is a low level. 
[Claim 2] It is the semiconductor device characterized by being the 2nd MOSFET 
which is the channel of the conductivity type with which said 1st switch differs 
from said 1st MOSFET in a semiconductor device according to claim 1. 
[Claim 3] The semiconductor device characterized by having the current control 
circuit which controls the current which flows to said control circuit in a 
semiconductor device according to claim 1 or 2. 

[Claim 4] The source of an input signal which generates an input signal, and the 
power metal-oxide semiconductor field effect transistor which considers a semi- 
conductor substrate as an output and controls supply of the current to a load, 
The control circuit which controls actuation of this power metal-oxide 
semiconductor field effect transistor, and the GND terminal which is a different 
conductivity type from said semi-conductor substrate, and was prepared in the 
1st semi-conductor layer joined to said semi-conductor substrate, Are the same 
conductivity type as said semi-conductor substrate, and it has the input terminal 
prepared in the 2nd semi-conductor layer joined to said 1st semi-conductor layer. 
In the semiconductor device with which the parasitic transistor by which the 
emitter terminal was connected to said 2nd semi-conductor layer, the collector 
terminal was connected to said semi-conductor substrate, and the base terminal 
was connected to said 1st semi-conductor layer Into said control circuit exists 
The semiconductor device characterized by having the 3rd MOSFET by which 
the drain terminal was connected to said input terminal, the source terminal was 
connected to said 2nd semi-conductor layer, and the gate terminal was 
connected to said GND terminal between said 2nd semi-conductor layer and said 
input terminals. 

[Claim 5] The semiconductor device characterized by having the 4th MOSFET by 
which the drain terminal was connected to the output stage of said control circuit, 
and the source terminal was connected to said GND terminal in the 
semiconductor device according to claim 4, and the 2nd switch which connects 
the gate terminal of said power metal-oxide semiconductor field effect transistor. 



and the gate terminal of said 4th MOSFET when the electrical-potential- 
difference value in said input terminal is a low level. 

[Claim 6] It is the semiconductor device characterized by being the 5th MOSFET 
which is the channel of the conductivity type with which said 2nd switch differs 
from said semi-conductor substrate in a semiconductor device according to claim 
5. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to Power MOSIC about a 

semiconductor device. 
[0002] 

[Description of the Prior Art] Drawing 6 is the circuit diagram showing the 
example of 1 configuration of the conventional semiconductor device. 
[0003] The source 9 of an input signal where this conventional example 
generates an input signal as shown in drawing 6 , The current-limiting resistance 
10 which restricts the current which flows to equipment, a power source 13, and 



a load 14, The power metal-oxide semiconductor field effect transistor 12 which 
controls supply of the current to a load 14, and reference diode 25, It consists of 
diode 26 and a control circuit 17 which controls actuation of power metal-oxide 
semiconductor field effect transistor 12. In a control circuit 17 Resistance 1 and 
reference diode 2 which were connected to juxtaposition between the input 
terminal 3 and the GND terminal 16, Resistance 4 and 5 and the comparator 6 
which compares the electrical-potential-difference value in which the partial 
pressure was carried out by resistance 4 and 5, PchM0SFET7 and 
NchMOSFETS as which the output from a comparator 6 is inputted into a gate 
terminal, One side is connected to the drain terminal of PchlV10SFET7 and 
NchMOSFETS. Parasitism NPN transistor 24 by which the resistance 1 1 to which 
another side was connected to the gate terminal of power metal-oxide 
semiconductor field effect transistor 12 was formed, and the base terminal was 
connected to the GND terminal 16, the emitter terminal was connected to the 
input terminal 3, and the collector terminal was connected to the output terminal 
1 5 exists. 

[0004] Drawing 7 is the sectional view showing the structure of the 
semiconductor device shown in drawing 6 . 

[0005] This conventional example consists of an N+ substrate 21 used as the 
output of power metal-oxide semiconductor field effect transistor 12, a P-semi- 
conductor layer 22 joined on the N+ substrate 21, and an N-semi-conductor layer 
23 which is joined on P-semi-conductor layer 22 and has the control circuit 17, as 
shown in drawing 7 . 

[0006] Below, actuation of the semiconductor device constituted as mentioned 

above is explained. 

[0007] Drawing 8 is drawing for explaining actuation of the semiconductor device 
shown in drawing 6 and drawing 7 , and drawing showing the electrical-potential- 
difference value in the electrical potential difference of a signal and input terminal 
3 with which (a) is outputted from the source 9 of an input signal, drawing in 
which (b) shows the output voltage of a comparator 6, drawing in which (c) 



shows the gate voltage of power metal-oxide semiconductor field effect transistor 
12, and (d) are drawings showing the electrical-potential-difference value and 
current value in an output terminal 15. 

[0008] If the electrical potential difference outputted from the source 9 of an input 
signal rises and the partial pressure electrical-potential-difference value of 
resistance 4 and 5 exceeds the constant voltage of reference diode 2 (t1), the 
output of a comparator 6 will serve as a low level. 

[0009] Then, PchM0SFET7 will be in an ON state, and NchMOSFETS will be in 

an OFF state. 

[0010] By this, a charge will be accumulated in the gate of power metal-oxide 
semiconductor field effect transistor 12, power metal-oxide semiconductor field 
effect transistor 12 will be in an ON state, and a current flows for a load 14. 
[001 1] Next, if the electrical potential difference outputted from the source 9 of an 
input signal falls and the partial pressure electrical-potential-difference value of 
resistance 4 and 5 becomes below the constant voltage of reference diode 2 (t2), 
the output of a comparator 6 will become high-level. 

[0012] Then, PchM0SFET7 will be in an OFF state, and NchMOSFETS will be in 
an ON state. 

[0013] The charge accumulated in the gate of power metal-oxide semiconductor 
field effect transistor 12 discharges by this, and power metal-oxide 
semiconductor field effect transistor 12 changes to the OFF state. 
[0014] And if the electrical potential difference of an output terminal 15 rises and 
the electrical potential difference of an output terminal 15 exceeds the constant- 
voltage value of reference diode 25 by the reactance component of a load 14, it 
will pass along reference diode 25, diode 26, and resistance 1 1 , and a current 
will flow to an input terminal 3 from the GND terminal 16 from NchMOSFETS, or 
the drain of PchM0SFET7. 

[0015] Thereby, bias of the gate voltage of power metal-oxide semiconductor 
field effect transistor 12 is carried out succeedingly, and the so-called dynamic 
clamp actuation to which a current flows to power metal-oxide semiconductor 



field effect transistor 12 by this bias is performed. 
[0016] 

[Problem(s) to be Solved by the Invention] However, in the conventional 
semiconductor device which was mentioned above, when the electrical potential 
difference of an input terminal 3 becomes lower than the electrical potential 
difference of the GND terminal 16, parasitism NPN transistor 24 operates and 
there is a trouble that a current will flow from an output terminal 15 to an input 
terminal 3, and equipment will be damaged. 

[0017] Namely, as shown in drawing 7 , it sets for the above-mentioned 
conventional example. Since the N+ substrate 21 is the structure where the base 
and N-semi-conductor layer 23 serve as [ parasitism NPN transistor 24 / a 
collector and P-semi-conductor layer 22 ] an emitter, where an electrical potential 
difference is impressed to an output terminal 15 If the electrical potential 
difference in an input terminal 3 becomes lower than the electrical potential 
difference in the GND terminal 16 and a current flows [ the difference ] from the 
GND terminal 16 to an input terminal 3 exceeding the electrical potential 
difference between base emitters, parasitism NPN transistor 24 will operate. 
[0018] When the high electrical potential difference (for example, 70V) is 
especially impressed to the output terminal 15 like [ at the time of dynamic clamp 
actuation ], it becomes second breakdown peculiar to a bipolar transistor, and 
becomes easy to generate breakage of equipment. 

[0019] Then, the equipment which prevents breakage of a semiconductor device 
to JP,5-58583,A is indicated. 

[0020] Drawing 9 is the block diagram showing the outline of the equipment 
indicated by JP,5-58583,A. 

[0021] This equipment makes it flow through M0SFET31 by the secondary 
breakdown, when high IVI0SFET31 of threshold voltage VT is connected 
between the input terminal 3 and the GND terminal 16, static electricity is 
impressed to an input terminal 3 and the electrical potential difference between 
an input terminal 3 and the GND terminal 16 exceeds threshold voltage VT 



(about [ This example 20-25 ] V), as shown in drawing 9 . 

[0022] However, since the trouble in the semiconductor device shown in drawing 

6 is breakage of the equipment generated when parasitism NPN transistor 24 

operates when the electrical potential difference of an input terminal 3 is lower 

than the electrical potential difference of the GND terminal 16, the well-known 

example shown in drawing 9 does not make semantics. 

[0023] Moreover, there is Supply Terminal Protection of "Reverse-Voltage 

Protection Methods for CMOSCircuits" (IEEE JOURNAL Vol24, Feb.1989) as 

other well-known examples. 

[0024] Drawing 10 is the block diagram showing the outline of the equipment 
indicated by "Reverse-Voltage Protection Methods for CMOS Circuits" (IEEE 
JOURNAL Vol24, Feb.1989), and drawing 1 1 is the sectional view showing the 
structure of the equipment shown in drawing 10 . 

[0025] This equipment is what connected PchMOSFET34 between VDD32 and 
the N substrate 33 as shown in drawing 10 and drawing 1 1 , and it prevents a 
short-circuit current flowing through the parasitism diode 35 at the time of 
VDD<VSS. 

[0026] However, in the semiconductor device shown in drawing 6 , since the 
current-limiting resistance 10 is inserted, even if it inputs VDD32 and replaces 
VSS with GND, the cure which prevents a short-circuit current is unnecessary. 
Moreover, if power metal-oxide semiconductor field effect transistor is carried in 
the equipment shown in drawing 10 and drawing 1 1 , since it will become the 
power metal-oxide semiconductor field effect transistor of a high proof-pressure 
horizontal type to it, on resistance becomes large and (they are about 1 .5 times 
for example, by 70V pressure-proofing) is unsuitable. 

[0027] This invention is made in view of the trouble which a Prior art which was 

mentioned above has, and aims at offering the semiconductor device which can 
prevent breakage of the equipment generated when a parasitic transistor 
operates. 
[0028] 



[Means for Solving the Problem] The source of an Input signal where this 
Invention generates an Input signal in order to attain the above-mentioned 
purpose, The power metal-oxide semiconductor field effect transistor which 
considers a semi-conductor substrate as an output and controls supply of the 
current to a load, The control circuit which controls actuation of this power metal- 
oxide semiconductor field effect transistor, and the GND terminal which is a 
different conductivity type from said semi-conductor substrate, and was prepared 
In the 1st semi-conductor layer joined to said semi-conductor substrate, Are the 
same conductivity type as said semi-conductor substrate, and it has the input 
terminal prepared in the 2nd semi-conductor layer joined to said 1st semi- 
conductor layer. In the semiconductor device with which the parasitic transistor 
by which the emitter terminal was connected to said 2nd semi-conductor layer, 
the collector terminal was connected to said semi-conductor substrate, and the 
base terminal was connected to said 1st semi-conductor layer into said control 
circuit exists The 1st MOSFET which a drain terminal is connected to said input 
terminal, and a source terminal is connected to said GND terminal, and is said 
semi-conductor substrate and isomorphism channel. When the electrical- 
potential-difference value in said input terminal is a low level, it is characterized 
by having the 1st switch which connects the gate terminal of said power metal- 
oxide semiconductor field effect transistor, and the gate terminal of said 1st 
MOSFET. 

[0029] Moreover, said 1st switch is characterized by being the 2nd MOSFET 
which is the channel of a different conductivity type from said 1st MOSFET. 
[0030] Moreover, it is characterized by having the current control circuit which 
controls the current which flows to said control circuit. 

[0031] Moreover, the source of an input signal which generates an input signal 
and power metal-oxide semiconductor field effect transistor which considers a 
semi-conductor substrate as an output and controls supply of the current to a 
load. The control circuit which controls actuation of this power metal-oxide 
semiconductor field effect transistor, and the GND terminal which is a different 



conductivity type from said semi-conductor substrate, and was prepared in tine 
1st semi-conductor layer joined to said semi-conductor substrate, Are tine same 
conductivity type as said semi-conductor substrate, and it lias tine input terminal 
prepared in the 2nd semi-conductor layer joined to said 1st semi-conductor layer. 
In the semiconductor device with which the parasitic transistor by which the 
emitter terminal was connected to said 2nd semi-conductor layer, the collector 
terminal was connected to said semi-conductor substrate, and the base terminal 
was connected to said 1st semi-conductor layer into said control circuit exists It is 
characterized by having the 3rd MOSFET by which the drain terminal was 
connected to said input terminal, the source terminal was connected to said 2nd 
semi-conductor layer, and the gate terminal was connected to said GND terminal 
between said 2nd semi-conductor layer and said input terminals. 
[0032] Moreover, it is characterized by having the 4th MOSFET by which the 
drain terminal was connected to the output stage of said control circuit, and the 
source terminal was connected to said GND terminal, and the 2nd switch which 
connects the gate terminal of said power metal-oxide semiconductor field effect 
transistor, and the gate terminal of said 4th MOSFET when the electrical- 
potential-difference value in said input terminal is a low level. 
[0033] Moreover, said 2nd switch is characterized by being the 5th MOSFET 
which is the channel of a different conductivity type from said semi-conductor 
substrate. 

[0034] (Operation) In this invention constituted as mentioned above, since the 1st 
MOSFET will be in an ON state by actuation of the 1st switch and between the 
base emitters of a parasitic transistor connects too hastily by that cause in case 
the charge accumulated in power metal-oxide semiconductor field effect 
transistor discharges, a parasitic transistor does not operate. 
[0035] Moreover, since the 3rd MOSFET will be in an OFF state when the source 
electrical potential difference of the 3rd MOSFET falls and a difference with gate 
voltage becomes threshold voltage, the emitter electrical potential difference of a 
parasitic transistor does not become lower than a base electrical potential 



difference, and a parasitic transistor does not operate. 
[0036] 

[Embodiment of tine Invention] Below, the gestalt of operation of tiiis invention is 
explained with reference to a drawing. 

[0037] (Gestalt of the 1st operation) Drawing 1 is the circuit diagram showing the 
gestalt of operation of the 1st of the semiconductor device of this invention, and 
drawing 2 is the sectional view showing the structure of the semiconductor 

device shown in drawing 1 . 

[0038] The source 9 of an input signal where this gestalt generates an input 
signal as shown in drawing 1 , The current-limiting resistance 10 which restricts 
the current which flows to equipment, a power source 13, and a load 14, The 
power metal-oxide semiconductor field effect transistor 12 which controls supply 
of the current to a load 14, and reference diode 25, Diode 26 and the control 
circuit 17 which controls actuation of power metal-oxide semiconductor field 
effect transistor 12, NchMOSFET20 which is the 1st MOSFET connected to 
juxtaposition between the input terminal 3 of a control circuit 17, and the GND 
terminal 16, PchM0SFET18 which is the 2nd MOSFET used as the 1st switch 
which controls actuation of NchMOSFET20, It consists of resistance 19 
connected to PchMOSFETIB and a serial. In a control circuit 17 Resistance 1 
and reference diode 2 which were connected to juxtaposition between the input 
terminal 3 and the GND terminal 16, Resistance 4 and 5 and the comparator 6 
which compares the electrical-potential-difference value in which the partial 
pressure was carried out by resistance 4 and 5, PchM0SFET7 and 
NchMOSFETS as which the output from a comparator 6 is inputted into a gate 
terminal. One side is connected to the drain terminal of PchM0SFET7 and 
NchMOSFETS. Parasitism NPN transistor 24 by which the resistance 1 1 to which 
another side was connected to the gate terminal of power metal-oxide 
semiconductor field effect transistor 12 was formed, and the base terminal was 
connected to the GND terminal 16, the emitter terminal was connected to the 
input terminal 3, and the collector terminal was connected to the output terminal 



15 exists. In addition, in NcliMOSFET20, a gate terminal is connected to the 
GND terminal 16 through resistance 19, a source terminal is connected to the 
GND terminal 16, the drain terminal is connected to the input terminal 3, in 
PchM0SFET18, a gate terminal is connected to an input terminal 3, a drain 
terminal is connected to the gate terminal of NchMOSFET20, and the source 
terminal is connected to the gate terminal of power metal-oxide semiconductor 
field effect transistor 12. 

[0039] In the semiconductor device constituted as mentioned above, the 
electrical-potential-difference value by which reference voltage was generated, 
was inputted by resistance 1 and reference diode 2 from this reference voltage 
and input terminal 3, and the partial pressure was carried out by resistance 4 and 
5 with them is compared in the comparator 6. 

[0040] Moreover, the N+ substrate 21 which serves as an output of power metal- 
oxide semiconductor field effect transistor 12 as this gestalt is shown in drawing 
2 , P-semi-conductor layer 22 which is the 1st semi-conductor layer joined on the 
N+ substrate 21 , It is joined on P-semi-conductor layer 22, and consists of N- 
semi-conductor layers 23 which are the 2nd semi-conductor layer which has the 
control circuit 17, and on the N+ substrate 21, an input terminal 3 is formed on N- 
semi-conductor layer 23, and the GND terminal 16 is formed for the output 
terminal 15 on P-semi-conductor layer 22, respectively. 
[0041] Below, actuation of the semiconductor device constituted as mentioned 
above is explained. 

[0042] If the electrical potential difference outputted from the source 9 of an input 
signal rises and the partial pressure electrical-potential-difference value of 
resistance 4 and 5 exceeds the constant voltage of reference diode 2, the output 
of a comparator 6 will serve as a low level. 

[0043] Then, PchM0SFET7 will be in an ON state, and NchMOSFETS will be in 

an OFF state. 

[0044] By this, a charge will be accumulated in the gate of power metal-oxide 
semiconductor field effect transistor 12, power metal-oxide semiconductor field 



effect transistor 12 will be in an ON state, and a current flows for a load 14, an 
output terminal 1 5, and the GND terminal 1 6 from a power source 1 3. 
[0045] Next, if the electrical potential difference outputted from the source 9 of an 
input signal falls and the partial pressure electrical-potential-difference value of 
resistance 4 and 5 becomes below the constant voltage of reference diode 2, the 
output of a comparator 6 will become high-level. 

[0046] Then, PchM0SFET7 will be in an OFF state, and NchMOSFETS will be in 

an ON state. 

[0047] Although the charge accumulated in the gate of power metal-oxide 
semiconductor field effect transistor 12 begins to discharge by this, in this case, 
PchM0SFET18 will be in an ON state, thereby, an electrical potential difference 
will be impressed to resistance 19, and NchMOSFET20 will be in an ON state. 
[0048] By this, as shown in drawing 2 , the N+ substrate 21 used as the output of 
power metal-oxide semiconductor field effect transistor 12 is used as a collector. 
Will use as the base P-semi-conductor layer 22 connected to the GND terminal 
16, and between the base emitters of parasitism NPN transistor 24 used as an 
emitter will short-circuit N-semi-conductor layer 23 connected to the input 
terminal 3. Since the electrical potential difference in the source 9 of an input 
signal can make the electrical-potential-difference difference between base 
emitters smaller than the operating voltage between base emitters of parasitism 
NPN transistor 24 (about 0.7 V) also in a case of below [ the electrical potential 
difference in the GND terminal 16 ], Actuation of parasitism NPN transistor 24 is 
avoided. 

[0049] Next, if the gate voltage of power metal-oxide semiconductor field effect 
transistor 12 falls, the electrical potential difference in an output terminal 15 will 
rise, it will pass along between reference diode 25, diode 26, resistance 1 1 , and 
the drain source of PchM0SFET7, and a current will flow for an input terminal 3 
or PchMOSFETIB, resistance 19, and the GND terminal 16. 
[0050] PchMOSFETIS will be in an ON state and NchMOSFET20 will be in an 
ON state, and when the electrical potential difference in an output terminal 15 is 



high, it can prevent parasitism NPN transistor 24 operating, until the energy 
accumulated in the reactance of a load 14 is emitted and the electrical potential 
difference in an output terminal 15 falls, since bias of the gate of power metal- 
oxide semiconductor field effect transistor 12 is carried out by this current. 
[0051] (Gestalt of the 2nd operation) Drawing 3 is the circuit diagram showing the 
gestalt of operation of the 2nd of the semiconductor device of this invention. 
[0052] The source 9 of an input signal where this gestalt generates an input 
signal as shown in drawing 3 , A power source 13, a load 14, and the power 
metal-oxide semiconductor field effect transistor 12 that controls supply of the 
current to a load 14, It consists of PchMOSFET(s)27 which are the 3rd MOSFET 
connected between the control circuit 17 which controls actuation of power 
metal-oxide semiconductor field effect transistor 12, and the source 9 of an input 
signal and a control circuit 17. Resistance 1 and reference diode 2 which were 
connected to juxtaposition between the source terminal of PchMOSFET27, and 
the GND terminal 16 in the control circuit 17, Resistance 4 and 5 and the 
comparator 6 which compares the electrical-potential-difference value in which 
the partial pressure was carried out by resistance 4 and 5, PchM0SFET7 and 
NchMOSFETS as which the output from a comparator 6 is inputted into a gate 
terminal, One side is connected to the drain terminal of PchM0SFET7 and 
NchMOSFETS. The resistance 1 1 to which another side was connected to the 
gate terminal of power metal-oxide semiconductor field effect transistor 12 is 
formed. Moreover, parasitism NPN transistor 24 by which the base terminal was 
connected to the GND terminal 16, the emitter terminal was connected to the 
source terminal of PchMOSFET27, and the collector terminal was connected to 
the output terminal 15 exists. In addition, in PchMOSFET27, a gate terminal is 
connected to the GND terminal 16, a source terminal is connected to a control 
circuit 17, and the drain terminal is connected to the input terminal 3. 
[0053] Below, actuation of the semiconductor device constituted as mentioned 
above is explained. 

[0054] If PchMOSFET27 will be in an ON state and the electrical potential 



difference in tine source 9 of an input signal will rise furtlier, if tine electrical 
potential difference in the source 9 of an input signal rises and the sum of the 
diode voltage between the drain sources of PchMOSFET27 (about 0.7 V) and 
threshold voltage (about 1 V) is exceeded, and it becomes high-level, a charge 
will be accumulated in the gate of power metal-oxide semiconductor field effect 
transistor 12 by actuation of a control circuit 17, and power metal-oxide 
semiconductor field effect transistor 12 will be in an ON state. 
[0055] Next, if the electrical potential difference of the source 9 of an input signal 
falls and it becomes below an electrical potential difference in the GND terminal 
16, the charge accumulated in the gate of power metal-oxide semiconductor field 
effect transistor 12 will flow into an input terminal 3 out of PchMOSFET27 to 
which bias of the gate is carried out through resistance 1 1 and the diode between 
the drain sources of PchM0SFET7. 

[0056] Drawing 4 is drawing for explaining actuation of the semiconductor device 
shown in drawing 3 , and drawing showing an electrical-potential-difference value 
[ in / in (a) / an input terminal 3 ], drawing in which (b) shows the source electrical 
potential difference of PchMOSFET27, and (c) are drawings showing the 
electrical-potential-difference value and current value in an output terminal 15. 
[0057] When the source electrical potential difference of PchMOSFET27 reaches 
the low level of a control circuit 17, and the high-level judgment electrical 
potential difference VIHL, NchMOSFETS will be in an ON state, the source 
electrical potential difference of PchMOSFET27 turns into about 0 electrical 
potential differences, and a control circuit 17 stops operating thereby. 
[0058] Therefore, if the charge with which NchMOSFETS was accumulated in the 
gate of power metal-oxide semiconductor field effect transistor 12 in the unstable 
condition of calling it an OFF state discharges and discharge is completed, power 
metal-oxide semiconductor field effect transistor 12 will be in an OFF state. 
[0059] Although the source electrical potential difference of PchMOSFET27 falls 
gradually at this time, since PchMOSFET27 will be in an OFF state with 
threshold voltage (about 1 V), it does not become below an electrical potential 



difference in tine GND terminal 16. Therefore, parasitism NPN transistor 24 does 

not operate. 

[0060] If a current flows to PchMOSFET27 until the charge accumulated in the 
gate of power metal-oxide semiconductor field effect transistor 12 when the 
electrical potential difference in the source 9 of an input signal turned into below 
the electrical potential difference in the GND terminal 16 in this gestalt 
discharges and discharge is completed as explained above, and discharge is 
completed, since it will become actuation that a current does not flow, a parasitic 
transistor does not operate. 

[0061] (Gestalt of the 3rd operation) Drawing 5 is the circuit diagram showing the 
gestalt of operation of the 3rd of the semiconductor device of this invention. 
[0062] The source 9 of an input signal where this gestalt generates an input 
signal as shown in drawing 5 , A power source 13, a load 14, and the power 
metal-oxide semiconductor field effect transistor 12 that controls supply of the 
current to a load 14, The control circuit 17 which controls actuation of power 
metal-oxide semiconductor field effect transistor 12, and NchMOSFET30 which is 
the 4th MOSFET connected to the output stage of a control circuit 17, 
PchMOSFET28 which is the 5th MOSFET used as the 2nd switch which controls 
actuation of NchMOSFET30, It consists of resistance 29 connected to 
PchMOSFET28 and a serial, and PchMOSFET27 connected between the source 
9 of an input signal, and the control circuit 17. In a control circuit 17 Resistance 1 
and reference diode 2 which were connected to juxtaposition between the source 
terminal of PchMOSFET27, and the GND terminal 16, Resistance 4 and 5 and 
the comparator 6 which compares the electrical-potential-difference value in 
which the partial pressure was carried out by resistance 4 and 5, PchM0SFET7 
and NchMOSFETS as which the output from a comparator 6 is inputted into a 
gate terminal, One side is connected to the drain terminal of PchM0SFET7 and 
NchMOSFETS. The resistance 1 1 to which another side was connected to the 
gate terminal of power metal-oxide semiconductor field effect transistor 12 is 
formed. Moreover, parasitism NPN transistor 24 by which the base terminal was 



connected to the GND terminal 16, the emitter terminal was connected to the 
source terminal of PchMOSFET27, and the collector terminal was connected to 
the output terminal 15 exists. In addition, in NchMOSFETSO, a gate terminal is 
connected to the GND terminal 16 through resistance 29, a source terminal is 
connected to the GND terminal 16, the drain terminal is connected to the drain 
terminal of PchM0SFET7 and NchMOSFETS, in PchMOSFET28, a gate terminal 
is connected to an input terminal 3, a drain terminal is connected to the gate 
terminal of NchMOSFETSO, and the source terminal is connected to the gate 
terminal of power metal-oxide semiconductor field effect transistor 12. 
[0063] Below, actuation of the semiconductor device constituted as mentioned 
above is explained. 

[0064] If the electrical potential difference in the source 9 of an input signal turns 
into below the electrical potential difference in the GND terminal 16, 
PchMOSFET28 will be in an ON state and, thereby, NchMOSFETSO will be in an 

ON state. 

[0065] And the charge accumulated in the gate of power metal-oxide 
semiconductor field effect transistor 12 discharges through resistance 1 1 and 
NchMOSFETSO. 

[0066] Therefore, since the electrical potential difference between the gate 

sources of PchMOSFET27 is set to about 0 while a control circuit 17 does not 
serve as unstable actuation but being turned off, a current will not flow to 
PchMOSFET27. 

[0067] Therefore, even when the signal outputted from the source 9 of an input 
signal is based on other semiconductor devices with little drive capacity etc., the 
high-speed turn-off time can be secured. 

[0068] In addition, in the gestalt of operation mentioned above, although the 
circuit where a parasitism NPN transistor exists using Nch power metal-oxide 
semiconductor field effect transistor was explained, when a parasitism PNP 
transistor exists using PchMOSFET, the same effectiveness can be raised by 
setting NchMOSFET and PchMOSFET28 to NchMOSFET and setting 



[ PchM0SFET18 / NchMOSFET and NchMOSFET20 ] NchMOSFET30 to 

PchMOSFET for PchMOSFET and PchMOSFET27. 

[0069] 

[Effect of the Invention] Since this invention is constituted as explained above, it 
does so effectiveness which is indicated below. 

[0070] In case the charge accumulated in claims 1-3 in the thing of a publication 
at power metal-oxide semiconductor field effect transistor discharges, the 1st 
MOSFET can be in an ON state by actuation of the 1st switch, it can write by that 
cause as the configuration which between the base emitters of a parasitic 
transistor short-circuits, a parasitic transistor cannot operate, and breakage of a 
semiconductor device can be prevented. 

[0071] In a thing given in claims 4 and 5, when the source electrical potential 
difference of the 3rd MOSFET falls and a difference with gate voltage becomes 
threshold voltage, it writes as the configuration in which the 3rd MOSFET will be 
in an OFF state, the emitter electrical potential difference of a parasitic transistor 
does not become lower than a base electrical potential difference, and a parasitic 
transistor does not operate. Thereby, breakage of the semiconductor device 
generated by actuation of a parasitic transistor can be prevented. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the gestalt of operation of the 1st of 
the semiconductor device of this invention. 

[Drawing 2] It is the sectional view showing the structure of the semiconductor 
device shown in drawing 1 . 

[Drawing 3] It is the circuit diagram showing the gestalt of operation of the 2nd of 
the semiconductor device of this invention. 

[Drawing 4] It is drawing for explaining actuation of the semiconductor device 
shown in drawing 3 , and drawing showing an electrical-potential-difference value 
[ in / in (a) / an input terminal ], drawing in which (b) shows the source electrical 
potential difference of PchMOSFET, and (c) are drawings showing the electrical- 
potential-difference value and current value in an output terminal. 
[Drawing 5] It is the circuit diagram showing the gestalt of operation of the 3rd of 
the semiconductor device of this invention. 

[Drawing 6] It is the circuit diagram showing the example of 1 configuration of the 
conventional semiconductor device. 

[Drawing 7] It is the sectional view showing the structure of the semiconductor 

device shown in drawing 6 . 

[Drawing 8] It is drawing for explaining actuation of the semiconductor device 
shown in drawing 6 and drawing 7 , and drawing showing the electrical-potential- 
difference value in the electrical potential difference of a signal and input terminal 
3 with which (a) is outputted from the source 9 of an input signal, drawing in 
which (b) shows the output voltage of a comparator 6, drawing in which (c) 
shows the gate voltage of power metal-oxide semiconductor field effect transistor 
12, and (d) are drawings showing the electrical-potential-difference value and 
current value in an output terminal 15. 

[Drawing 9] It is the block diagram showing the outline of the equipment indicated 
by JP,5-58583,A. 



[Drawing 10] It is tine blocl< diagram showing the outline of the equipment 
indicated by "Reverse-Voltage Protection Methods for CMOS Circuits" (IEEE 
JOURNALV0I24, Feb. 1989). 

[Drawing 1 1] It is the sectional view showing the structure of the equipment 
shown in drawing 10 . 
[Description of Notations] 
1, 4, 5, 11, 19, 29 Resistance 

2 25 Reference diode 

3 Input Terminal 
6 Comparator 

7,18,27,28,34 PchMOSFET 
8,20,30 NchMOSFET 

9 Source of Input Signal 

10 Current-Limiting Resistance 

12 Power Metal-oxide Semiconductor Field Effect Transistor 

13 Power Source 

14 Load 

15 Output Terminal 

16 GND Terminal 

17 Control Circuit 

21 N+ Substrate 

22 P-Semi-conductor Layer 

23 N-Semi-conductor Layer 

24 Parasitism NPN Transistor 
26 Diode 
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^0. i/i. NchMOSFET855vt7;|t«S>;^-|,., 

[0 044] Mzi^^ VW-MOSFETI 2c?)>^- 
-htm^^^WWS^l, VW-MOSFETI 2:{)i^>' 
««Ji; ^ 0 . 1 3 t ^ 1 4 . 1 5 at/^ 

GNDS^l 6izm&mti^. 

[0045] A:tifi^ii9^^^.ai:^$tis«j±j&i 

[0 046] t-'l.^:. PchMOSFET7*i'^7^Ilh 
=5rO. NchMOSFETSji^ijj-y^^^t^S, 
[0047] >ItL(;j;0. V>°'7-M0SFET1 2i?)^' 

chMOSFETl 8^i^y«Ilt^r*9, mt^J:^, ffi 
fit 1 9 tc€ffi!&^"EPJP§il-C NchM O S F E T 2 0 >- 

[0 04 8] iilfciO. ll2t^^-rj;ot. VN°V-M 

OSFETl 20!±l^t^rl.N^S^2 1^31/^^fc 

^<-XtL. A^S^3t;gMSilTV^|,N-^#: 
M 2 3 5 V ^ i: t-.&^iN P N b 7 y 2 4 (7) 

ig9t;i3(tl>€J±*^'GNDSS^l 6tC*3(tl.fl:ffOTO 
*i^T- h . ^-X ■ X 5 -y ^ rHlt?)€l±^*'S±N P N h 
5>'yX^240<-X ■ XS.y^ralW^mjE (1^0. 

7V) X^hA-^%<^h^hii^X%hfz^. l^NPN 
b 7 y i^'^ 2 4 <7)iJ^^*^[lI}i§ ^ll> . 

[0 04 9] J^t. yty-MOSFETl 2^7)^^'-^^ 

mJI^M ^- K 2 5 . ^- K 2 6 . ffiffi 1 1 &!7"P 
chM0SFET7t?)Kl^-f y ■ V-X^lrji-sT . A^J 
iffi^3fel>uaPchM0SFETl 8. Sfill 9St/"G 

[0 0 5 0] ;t^mf;St;J; '9^^V-M0SFET1 2t7) 

f~ Y is^)\A r7.%h.htz^. 1 4 ^iypy yx 

^ZiinhnS.t^t)^htX\ PchMOS FET 1 

. f^xh^ NchMOSFET20 if-^y^M t ^ 



0. ]i!>:nm'^i5i<zi5nh'm.ifimmzm'mvnv 
[00 5 1 ] ( m 2 (ommmm ) a 3 a , 
[0052] *?]?^{iia3 J; a A:f]fi-^^^ 

^§-^1. A*fi#li9 i; . 1 3 fc . 1 4 t . ft 

?f 1 4^<7)m?It0f*f&^IWf l>^^V-MO S F E T 1 
2 >: , ^N°y-MO S F ET 1 2t?)i6#^fflfip-tl>MWIII 

s& 1 7 i: . xm^rn 9 1 mmrns^ 1 7 1 cDrsit^g^s 

^IJtffi 3 c?) M O S F E Tt'S) I. P chM O S F E T 2 7 i: 
>?)-^.m§^lTfcD. »llIMl7tii. PchMOSF 

E T 2 7 CO y -Xffii^ h G N D Ssi^ 1 6 t O rsl t M?lJ t 
SMSil/Sfifil 1 RU'Mm.]±^-^ :t~V2k. fiffi4 , 
5 k . &tjL4 , 5 I^ZX -^Xjff±$titMl±m^:m-tl 

S^tCj.:^: S^il-?> PchMO S F E T 7Sti^'NchM0 S F 
ETSi:. —l5ifiPcmOSFETimfl>lcmOSF 

FTs<^Yv-{y^'f\,zw^^ii. rnnt^f-^^-uos 

F E T 1 2 (T)^- biffi^tSMS tltzmX 1 1 ^: ifm^ 

(^ix, tti^ K-7.m^f)-GnY)^^i(Azmwafi. 

X 5 ./ 9^TffiPcAm O S F E T 2 7 « V- XJSi7(::fg 
iES^l, 3lx^^iS^;?)iai;>jS^l 5t:®^§iX/-cS:* 
NPNb7yi^'X^2 4j&i#ftLTV^S, ^iJ. PchM 
OSFET2 7t;fcV^Tii. bffi^^^'GNDS^ 1 
6«iM§ll. y-XS^*WESg1 7(.::f#^v^:§iu 
K ^ A ym^i^^K-n^^ 3 tcS^ $ ilX I > ^. 

[0053] m\z. ±ii<7^i. 0 {zmmtifz^mwm 
m.mmz-:>\^xtmth. 
[0054] x))m^m^ziontms.¥}i^L. Pch 

M0SFET27OKl/-<y - V-xmf-i t~ YW± 

(1^0. 7v) fcxu >yya;i Kmil (fti V) tcofn 

^Si-Sfc, PchM0SFET2 7;&^'^ym^t^rO, 

$ ^>t:A:^fi-^i!i9 t;t3(tS«J±3&^±# t , 

t5rSi:fflPllIS&17cOijf^tJ:^). yN°y-MOSFE 

Tl 2(r)y~V{znMtmm^fl. v^V-MOSFET 
1 2:^i7r>^t*Sfc^r-?>. 

[ 0 0 5 5 ] <5i:t. KMn^m9ffy'm±ti^ti^ o , GN 
DS^16t;i3ftl.€JBilTt=5rl.i:. ^^°'7-M0SF 

E T 1 2 c?)^- b {zmm^fifzmmK 1 1 at>'p 

chMOSFET750bU^y ■ V-xm^A -^-Y^M. 
X. y-b/^y^'-f r,X§tlTVi>I.PchM0SFET2 7 

/&^^5Al55ffii^3t^Iiltti^. 

[00 56 ] Ei4i±. m3{z^.Ltz^wmm.mm 
tm-thtzi^ffMxh 0 . ( a ) \ixtim-3{ziinh 

€.Efi^S^-fll. (b ) iiPchMOSFET27<?0V- 

xmu^S^t-H. ( c ) i±tfi:f]S^ 1 5tci3(tS«J±ffi 

muWimm^^'tmxhh. 

[00 57 ] PchMOSFET2 7t0y-xmJ±*\ M 
NchMOSFET8:6i'^y^»Ji:^D. ^ 
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[0 0 58] Lfzi/^-^X. NchMOSFET8*it7lic 

[0 0 59] PchMOSFET2 TtOy-X^ 

IV) (;:TPchMOSFET2 7;?)^>r7^W,t^^7t 

[0 0 60] Ii[±fMLrc i 0 lz^mm.lz}o^ ->Xli. A 
*fi^i!S9 tCt5(tl>€J±*^'GN D5^^ 1 6 (Cfift-Smffi 
iilTt^l. t . nrp^MOS F E T 1 2 iOy- h izmm 

§ ti/s m^^^'Km L . i&m^^'^T-r i> t t- p chM o s f 
E T 2 7 t^m*iJ&^iitL, mm^^^Tth t . mm^mi 

[0 0 6 1 ] ( m 3 cnmtmmm. ) HI 5 {.± , ^m^m^ 
[0 0 62] ^mmm 5 1;^^ i o t:. xMm^:^ 

^ 1 4 /\^om^l^O#t|&^§lMt-|.^^V-MO S F E T 1 
2 t , A°v-M O S F E T 1 2 co^f^t: MW-t I mm 

Ki 7t. IIM0E1 7cr)iii:nmztmi^iitzm io'm 

OSFETt-fcl.NchMOSFET3 0i:. NchMOS 
OMOSFETT'35'g.PchMOSFET28t. PchM 

osFET28t mmzwm^iitMU 29 x^n 
^m9 kmm\Bi$% 1 7 1 ^^jrHitfSii^^i/i pchMo s f 

ET2 7t*^^ffiJiic$^l-CfcO. SOfPlMliiSl 7t{J, P 
chM0SFET2 7(7)y-;^.jiffi^i: GNDS^ 1 6 fcco 

p^t:M^ijt»iiSii;^ffiK 1 mm,mr^ t~ k 2 

til^*^^^- bSl^tA:^§^ll. PchMO SFETIM/ 
NchMOSFETSi:. —Ifti^PchMOSFETlRX/ 
NchM0SFET8(DVU-f ym'T-lzmm^tl. ^Iftf^ 

j^v-mosFETiicoy-hi^^^ztm-^tifzmK 
1 Ikmk^f^ti. ttz. ^-XS^^^'GNDS^ 1 6 
teiESil, ■y^jfSi^:^)iPchMOSFET2 7(J0y 

-xSTOSMStL. 3^^^'S^^^'ai^S^l 5(;S 
MS^l/Sl^^feN P N b 9 y i^'X ^ 2 4 ^^#4 tT ^ ^ S , 

NchMOSFETSOtfct^Ttt. ^^-bSffiW/ 
ffii3l2 9^^tTGNDS^ 1 6t;ffM§^l. V-XS 
i^^iGNDS^l 6t;gM§tl. K^^yS^^^TchM 
OSFET7&VNchMOS FETStOKU-'l' yifffii^t 
fSMStlTi^O. PchMOSFET2 8t;i^l/^T{±. y 

- bS^#A:^3Si^3 «SM§tL. Ki^-f ys^^Nch 



MosFET3o<^y~hm-i>zmm^ii. v-xs^ 

jij^NV-MOSFET 1 2t?)^^'-bSffi^t:fSM§tlTV^ 

[0063] lilTt. JilBtO J; 5 

[0 0 6 4] Xtsimm9i,Zi5mn]±ti^GNDm=Tl 
6 tfctt -S. mffiOTt 1. PchMOSFET28*i 
^y«*lfc^D. mt;J;0. NchM0SFET3 O*^ 

[0065] ^LX. .'>°'7-M0SFETl 2(7)^'-h 
mm. NchMOSFET3 0 

[0066] L/s/Zo X . mmm% 1 7 nT-'s^^xmi^ 

tlit£^-f. :^yWMZ^j:lkth^Z. PchMOSFE 

T2 7£oy-F ■ v-xmmmmmttc^fzi^; p 

chM O S F E T 2 7 {im?fL//?jfL^l^: < ^ li o 

[0067] ^(7)/-i6. A:;'3fi-^jli9;&^^>m^$iiSfi 
vy^y'mtico'j^^^j:^mco^mi^mmmt,zi: m 

[0 0 68] ^"Jj. ±3iL/i^ifei?)ff»:Bl^Ti±. N 
chy ^°V-M O S F E T Srffll ^T^^N P N h 7 ^i^'X ^' 
HIKt^OV -^Xmm LtztiK P chM O S F E T 
^fflV ^Tl^iP NPhyyi^'X^ P^^-tim^l^Zii . 
PchMOSFETI 8*-NchM0SFET. NchMOS 
K K r 2 0 'i' P cli M ( ) S F E T , P di M () S F E T 2 7 
^NchMOSFET. PchMO S F ET 2 8 ^NchMO 
SFET. NchMOSFET30S:PchMOSFETi; 

[0069] 

xut(Dx\ mzum-^xd^^^^mth. 

[007 0] m^miib^i^3izBm(^hc^l>zi5\<^Xli. 

j^v~MosFETi,zwm^iitzVMti^im^iim 

tC, miiOX^ OlglOMOSFET;?)^ 

^ y«*S ^ . -rn (c j; D . "S^ii b 5 y ^ o^- 

[007 1 ] fMll4S.t/'5tiaife(7)t(7)tfcl,^T{i. 

W.3<7m0SFET(7r/ -y.n&ifiTifi-yX f~ F n&. 

h (TymfX V -y iyalU YMS-tts -otzt^^zmS^MO 
SEE T'I)^t7^m t^j:mfS,tlfzfzi^. ^^hyy 

{i^-<, ^4^F^y>^'x^;f)Wt^l.C:i:{±5r^\ -eii 

tio. ^^hyyi^'x^miimzx^m.'ti^mw 

'^m<^mmm<'^kii^x%i. 

[HffiO^li^lFJ] 

[ia 1 ] 1 <7)mmcomm^^ii~t 

m^mxhh. 
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[132 ] miiz7j,Ltzmii^mmmm^^tmmmT 

m. ( b ) {4PchMOSFETOy-Xlffi^^-fll. 

( c ) \im-n^=^^zmhnsmmnMm^^mx' 
mmx:hh. 

[06 ] \m.<^nmw^m.<^)-mm\i:7i^-fnnmx:h 
[ H 7 ] H 6 Ltz'^mi^mmMm^:^.-tmmmx- 
[ 08 ] H 6 mm 7 {z^. Lfz^m\¥^mffmm%m 

tUz^<^mx-h 0 . ( a ) \i.X-:h\t^m9t^h^:h^ 

ixtm^<^wsmfx-nm-3i<zmtns.m^-t 
m. ( b ) \ia y^-^v~9 6 (^^i^n&^^^m. 

(c) i4VN°V-MOSFETl 2<7)^'-^«J±S^^^■r 
0. ( d ) \tmti^=F-i 5\,zhn:^vsmmf%mm: 
^■fmx'ht. 

[09 ] - 5 8 5 8 3^^m\,zm^s^iit:mw. 

[010] r Reverse- Voltage Protection Methods for 
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^.^fitzmm.<Dm^imy'u V mx'hh . 
[01 1 ] 01 o\.z7r.Ltzmm.<^mm^'fmmmx'h 

1,4,5,11,19,29 mi 
2, 2 5 'mS.y^t-Y 

3 xnmT 
6 ^ 

7, 18, 27, 28, 34 PchMOSFET 

8, 20, 30 NchMOSFET 



1 5 
1 6 

1 7 

2 1 
2 2 
23 
24 
26 



^W-MOSFET 

mm 

GNDS^ 



[01] 



^ 26 r-ft-F [ 

15 ai«l»1- 



PchMOSFET C^lvf) 18 



9' 

NehMOSFET 20^ 
GNDflt^ 16' 




NchMOSFET 8 



12 Jx*7-M0SFET 
17 M^piaig. 
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[02] 



20 NchMOSFET 18 PchMOSFET 

12 A-a-MOSFET 



23 i N- 

22' " 
21' 



iNl IU'lP' 



( 17 iil|lpiaiS.)\ I (12 ;W-MOSFET ) 

2A m.nPHhOyl?29 15iH^]«?- 



[03] 

4 164a. 



«^NPNt-^>3J:^9 24 

mm 1 



7 PchMOSFET 




6 ■ / 12 KCJ-MOSFET 

8 NchMOSFET 
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[09] 



xnm^ 3— o- 

MOSFET 31-- 
QNDjH?- 16— o- 



tc) 
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[05] 



27^ 
PcJiMOSFET 



7 PtnMOSFET 

17 *l«l!BlSfr 



~0 fei)t 

HH 11 



it 



14 m 

/ 



■m 



/ 30 NcnMOSFET 28 PchMOSFET 
8 NchMOSFET 




^34 PchMOSFET 



Vdd 32 o 



35 *^5M:t-h' 
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